Primitive subsets of leukemic cells isolated by using fluorescenceactivated cell sorting from patients with newly diagnosed Ph ؉ ͞ BCR-ABL ؉ chronic myeloid leukemia display an abnormal ability to proliferate in vitro in the absence of added growth factors. We now show from analyses of growth-factor gene expression, protein production, and antibody inhibition studies that this deregulated growth can be explained, at least in part, by a novel differentiation-controlled autocrine mechanism. This mechanism involves the consistent and selective activation of IL-3 and granulocyte colonystimulating factor (G-CSF) production and a stimulation of STAT5 phosphorylation in CD34 ؉ leukemic cells. When these cells differentiate into CD34 ؊ cells in vivo, IL-3 and G-CSF production declines, and the cells concomitantly lose their capacity for autonomous growth in vitro despite their continued expression of BCR-ABL. Based on previous studies of normal cells, excessive exposure of the most primitive chronic myeloid leukemia cells to IL-3 and G-CSF through an autocrine mechanism could explain their paradoxically decreased self-renewal in vitro and slow accumulation in vivo, in spite of an increased cycling activity and selective expansion of later compartments. stem cells ͉ growth factors ͉ STAT5
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stem cells ͉ growth factors ͉ STAT5 C hronic myeloid leukemia (CML) is a clonal multilineage myeloproliferative disorder characterized by an excessive production of granulocytes in the initial, chronic phase of the disease. In each CML patient, the clone develops from a single pluripotent hematopoietic stem cell (reviewed in refs. [1] [2] [3] [4] that undergoes a unique rearrangement of the BCR gene on chromosome 22 and the ABL gene on chromosome 9 (5, 6) . The BCR-ABL fusion gene produces a 210-kDa protein (p210 BCR-ABL ) (7) with increased tyrosine kinase activity (8) and an abnormal cytoplasmic location (9) . Both features are important to the transforming activity of p210 BCR-ABL in model systems (10) (11) (12) (13) (14) . Expression of the BCR-ABL gene perturbs many intracellular signaling pathways, including the Ras, phosphatidylinositol-3Ј kinase, and JAK͞STAT pathways (15) . However, the connections between these changes and the biological abnormalities characteristic of Ph ϩ ͞BCR-ABL ϩ progenitors from CML patients (2-4) has remained unclear.
Previous studies have demonstrated similar biological and biochemical changes in primary CML cells or BCR-ABLtransfected cell lines and IL-3-stimulated cells (15) , and the observation of an activation of IL-3 production in some cell lines after their transformation by BCR-ABL (16) (17) (18) has suggested a possible explanation for the ability of BCR-ABL to abrogate their factor-dependence. However, p210 BCR-ABL can also activate downstream targets of IL-3, including the IL-3 receptor (19), JAK2, and STAT5 (20) (21) (22) (23) . CML progenitors have been known for many years to be growth factor-responsive (24) (25) (26) , and previous attempts (including our own) to obtain evidence of an autocrine or abnormal paracrine mechanism operating in the human disease have been negative (27, 28) . On the other hand, it has been shown by several groups that purified populations of primitive (CD34 ϩ ) cells from CML patients (most of which are usually Ph ϩ ͞BCR-ABL ϩ ) can survive and proliferate in vitro even when no exogenous growth factors (except insulin) are added, whereas analogous normal cells die rapidly under the same conditions (29) (30) (31) . Using more sensitive procedures to detect growth-factor gene expression, we now demonstrate the consistent and selective activation of IL-3 and granulocyte colony-stimulating factor (G-CSF) production within the leukemic (BCR-ABL ϩ ) CD34 ϩ cells of patients with chronic-phase CML and show that these factors serve as autocrine mediators of primitive CML cell proliferation.
Methods

Cells.
Heparinized blood was obtained from 12 chronic-phase CML patients. Seven of the CML patients were studied at diagnosis, three Ͻ1 year postdiagnosis and two Ͼ1 year postdiagnosis. All had elevated WBC counts ranging from 18 to 650 ϫ 10 9 per liter, elevated circulating CD34 ϩ cell counts ranging from 3 to 40% of viable low-density cells, elevated colony-forming cells ranging from 6 to 6,300 ϫ 10 6 per liter and elevated long-term culture-initiating cells (LTC-IC) ranging from 6 to 22,000 ϫ 10 3 per liter. Normal marrow was obtained from donors of allogeneic transplants or from cadaveric donors (North West Tissue Centre, Seattle). In all cases, informed consent was obtained. Low-density (Ͻ1.077 g͞ml) cells were isolated by centrifugation on Ficoll-Hypaque (Amersham Pharmacia) and fractionated directly, or later, after being cryopreserved in 10% DMSO plus 90% FCS. Populations of Ͼ99% pure, viable (propidium iodide-negative, Annexin V Ϫ ) CD34 ϩ cells or subsets of CD34 ϩ cells were isolated using a two-laser FACStar plus (Becton Dickinson) as described (31, 32) . Bulk cells were collected into Eppendorf tubes containing a serum-free medium (SFM) which consisted of Iscove's medium supplemented with BSA, insulin, and transferrin (BIT, StemCell Technologies, Vancouver), low-density lipoproteins (Sigma), and 2-mercaptoethanol (33) . Single cells for culture or for reverse transcriptase (RT)-PCR analyses were sorted using the FACStar single-cell deposition unit directly into the wells of 96-well microtiter plates preloaded with 100 l of SFM plus the additives specified, or with lysis buffer, respectively.
RT-PCR Analyses. Total RNA was extracted from aliquots of 2,000 cells, and RT-PCR was performed using an oligo(dT)-based primer and poly(A) tailing procedure described previously (34) . For single-cell studies, plates containing single cells were spun at 300 ϫ g for 3 min at 4°C, RNA was extracted, and reverse transcription was performed using the same oligo(dT) primers as for the analyses of 2,000 cells. Aliquots of 1-5 l of the first Abbreviations: CML, chronic myeloid leukemia; FL, flt3-ligand; G-CSF, granulocyte colonystimulating factor; LTC-IC, longterm culture-initiating cells; RT, reverse transcriptase; SF, Steel factor; SFM, serum-free medium; TPO, thrombopoietin. ¶ To whom correspondence should be addressed. E-mail: connie@terryfox.ubc.ca.
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round of PCR generated from the initial amplification of total cDNA were subjected to a second round of PCR amplification in 50-l volumes of 1ϫ PCR buffer (GIBCO͞BRL) containing 20 mM Tris⅐HCl (pH 8.4), 50 mM KCl, 2 mM MgCl 2 , 200 M each dNTP (Amersham Pharmacia), 1 unit of Taq polymerase, and 10 pmol of specific primers for IL-3 (5Ј-GCTCCCATGA-CCCAGACAACGTCC-3Ј and 5Ј-CAGATAGAACGTCAGT-TTCCTCCG-3Ј), G-CSF (5Ј-CTCTGGACAGTGCAGGAAG-CCACC-3Ј) and (5Ј-GCTGGGCAAGGTGGCGTAGAACG-C-3Ј), thrombopoietin (TPO) (5Ј-GGCCAGAATGGAGCTG-ACTGAATTG-3Ј and 5Ј-TCCTACAAGCATCAGGAAACG-CACC-3Ј), actin (5Ј-GTGCGTGACATTAAGGAGAA-3Ј and 5Ј-GGAGGGGCCGGACTCGTCA-3Ј), and BCR-ABL (5Ј-CAGGGTGCACAGCCGCAACGGCAA-3Ј and 5Ј-GTCCA-GCGAGAAGGTTTTCCTTGGA-3Ј) to give DNA fragments of 345 bp (IL-3), 547 bp (G-CSF), 495 bp (TPO), 471 bp (actin), and 299 or 374 bp (BCR-ABL). Thirty-five cycles (94°C for 30 sec, 62°C for 1 min, 72°C for 1 min) were then performed.
Southern Blot Analysis. Ten-microliter aliquots of total amplified cDNA or PCR products derived by specific primers were electrophoresed in 1-1.5% agarose gel, transferred onto nylon membranes (Zeta-probe, Bio-Rad), and hybridized with [ 32 P]dCTP (Amersham Pharmacia)-labeled probes overnight at 60°C in 4.4ϫ saline sodium citrate, 7.5% formamide, 1.5 mM EDTA, 0.75% SDS, 0.75% skim milk, 370 mg͞ml salmon sperm DNA, and 7.5% dextran sulfate. Probes were labeled by incubating the denatured fragments in the presence of hexamers and the Klenow fragment of polymerase I using a random priming kit (GIBCO͞BRL) and were then purified on a Sephadex-G50 column. Membranes were finally washed twice at 60°C for 30 min in a solution of 0.1ϫ saline sodium citrate, 0.1% SDS, and 1 mg͞ml sodium pyrophosphate and then in a solution of 0.1ϫ saline sodium citrate three times for 2 min (each time at room temperature). They were finally exposed to Kodak XAR film (Eastman Kodak) at Ϫ70°C for 6-16 h for PCR products generated from single cells using specific primers, for periods of 1-3 days for the total amplified cDNA products from positive reactions, and for up to 5 days to confirm negative reactions.
Probes. cDNA probes for human IL-3, IL-6, G-CSF, granulocyte͞macrophage-CSF, Steel factor (SF), and actin (from R. Kay and K. Humphries, Terry Fox Laboratory, Vancouver, BC), and for BCR-ABL (from J. Griffin, Dana-Farber Cancer Center, Boston) were excised from vectors with an appropriate restriction endonuclease, and the inserts were separated from the vectors by agarose gel electrophoresis. DNA fragments were recovered using the QiaEx II gel-extraction kit (Qiagen, Chatsworth, CA) and used directly as hybridization probes. For the detection of human TPO cDNA, the internal primer (5Ј-CCGAGTCCTCAGTAAACTGCTTCG-3Ј) was used as a hybridization probe.
Cultures. Sorted populations were cultured at 37°C in the SFM described above at 10 5 cells per ml, with or without 20 ng͞ml IL-3 (Novartis, Basel, Switzerland), 20 ng͞ml IL-6 (Cangene, Mississauga, ON), 20 ng͞ml G-CSF (StemCell), 100 ng͞ml flt3-ligand (FL, Immunex), and 100 ng͞ml SF (Amgen Biologicals). In some experiments, the following mAbs were added alone or in combination as indicated: a neutralizing anti-IL-3 antibody (R&D Systems), an anti-IL-3 receptor ␣-chain (anti-IL-3R␣) antibody with IL-3 antagonist activity (7G3) (35) , a neutralizing anti-G-CSF antibody (R&D Systems), and a nonblocking (control) anti-IL-3R␣ antibody (9F5) (35) .
Western Blotting. TF-1 cells (36) were incubated for 16 h at 37°C in RPMI medium plus 10% FCS at 2 ϫ 10 5 per ml with or without 5 ng͞ml human IL-3, or 10% or 30% CML conditioned medium (prepared by incubating low-density CML cells in SFM at 3 ϫ 10 6 for 2-3 days and then concentrating the medium 10-to 20-fold), and 10 g͞ml indicated antibodies. Sorted CD34 ϩ cells from normal individuals and CML patients' samples were cultured for 16 h at 37°C in SFM at 10 5 cells per ml with or without antibodies as indicated. Cells were lysed in phosphorylation solubilization buffer (PSB; 50 mM Hepes buffer, 100 mM NaF, 10 mM sodium pyrophosphate, 2 mM Na 3 VO 4 , 4 mM EDTA) containing 0.5% Nonidet P-40. Western analysis was performed on lysates from 10 5 cells per treatment group (31) using rabbit polyclonal anti-phospho-STAT5A͞B and anti-STAT5A antibodies from Upstate Biotechnology (Lake Placid, NY) and a mouse monoclonal anti-Abl antibody from PharMingen.
Results
Identification of IL-3 and G-CSF Transcripts in Primitive CML Cells.
Evidence of abnormal growth-factor gene expression in CML cells was obtained from a comparative survey of highly purified CD34
, and CD34 Ϫ cells isolated from CML blood (12 chronic-phase CML patients) and normal adult marrow (4 samples). Ten of the CML samples (nos. 1-10) were from less common patients whose very early circulating progenitors (detected as LTC-IC), as well as the colony-forming cells and later hematopoietic cells, were all Ph ϩ . These samples were included in the present analysis to ensure that growth-factor gene expression could be examined in the most primitive types of leukemic CD34 ϩ cells. The other two samples of CML cells were from more typical chronic-phase patients whose bulk hematopoietic cells are predominantly Ph ϩ but whose LTC-IC, despite their increased numbers in the blood, are predominantly normal (Ph Ϫ ) (32) . As shown in Fig. 1 , IL-3 transcripts were consistently detected in PCR-amplified cDNAs from the less primitive (CD71 cells from the two other CML patients studied (nos. 11 and 12) whose stem-cell reservoir was predominantly normal, or in any of the normal marrow cell populations. In these studies, IL-3 transcripts were also not detected in the mature CD34 Ϫ cells from most (10͞12) of the CML patients (Fig. 1) . RT-PCR analysis of single FACS- sorted cells using a second, nested PCR reaction with primers specific for human IL-3 revealed an even closer concordance of IL-3 and BCR-ABL gene expression among the individual CD34 ϩ cells present in different CML patients ( Fig. 2 and Table  1 ). This latter comparison was strengthened by the inclusion of the two CML samples (nos. 11 and 12) that were found to contain some BCR-ABL (Fig. 2) . (IL-3 transcripts could also be detected in the bulk preparations by using this more sensitive procedure; data not shown).
Similar results to those obtained for IL-3 were seen when the same extracts (from both 2,000 cell aliquots and from single cells) were examined for G-CSF gene expression (data not shown). In addition, SF transcripts were found in both subsets of CD34 ϩ cells isolated from 2 CML patients (nos. 7 and 10), but transcripts for IL-6, GM-CSF, and TPO were not detected in any of the populations from all 12 CML samples (data not shown). Transcripts for any of these five additional growth factors were also not detected in the normal cell samples analyzed (representative samples shown in Figs. 1 and 2) .
Production of Bioactive IL-3 and G-CSF by CML Cells. FACS analyses of fixed cell preparations showed specific positive intracellular staining by 10-25% of the low-density cells analyzed from 10 of 10 CML samples (using a phycoerythrin-labeled anti-human IL-3 antibody from BioSource International, Camarillo, CA), whereas cells from all 3 normal marrow samples similarly analyzed were negative (data not shown). Using sensitive ELISA kits for IL-3 (Biosource), G-CSF, SF, and TPO (R&D Systems), immunoreactive IL-3 and G-CSF were both shown to be present in medium conditioned for 2-3 days by low-density cells (at 3 ϫ 10 6 per ml SFM) from all CML patients tested and then concentrated 10-to 20-fold (0.5 Ϯ 0.3 ng͞ml, n ϭ 7 for IL-3 and 0.1 Ϯ 0.01 ng͞ml, n ϭ 6 for G-CSF). Consistent with the RT-PCR findings, neither TPO (n ϭ 7) nor SF (n ϭ 6) could be detected in any of these media except in one case where a low level of SF (0.01 ng͞ml) was found. This was one of the two patients whose CD34 ϩ cells had been found to contain detectable SF transcripts by RT-PCR. Concentrated media similarly conditioned by normal marrow cells (n ϭ 3) contained Ͻ0.02 ng͞ml of IL-3, Ͻ0.005 ng͞ml G-CSF, Ͻ0.005 ng͞ml SF, and Ͻ0.02 ng͞ml TPO.
The CML cell-conditioned media were also able to stimulate the proliferation of human TF-1 cells, a human hematopoietic cell line that can respond to a variety of growth factors including IL-3 but not G-CSF (36) . Moreover, up to 80% of the stimulation observed could be specifically blocked by the addition to the TF-1 cell cultures of neutralizing anti-human IL-3 antibody, or anti-human IL-3R␣ antibody with IL-3 antagonist activity (35), or both in combination (data not shown). Similarly, CML cell-conditioned medium was able to mimic the ability of 5 ng͞ml IL-3 to induce the phosphorylation of STAT5 in TF-1 cells, and this effect could be blocked by the addition of a combination of 10 g͞ml anti-IL-3 plus 10 g͞ml antagonistic anti-IL-3R␣ antibodies (Fig. 3A) .
IL-3 and G-CSF Produced by CML Cells Are Required for Their Autonomous Growth. CD34
ϩ and CD34 Ϫ cells from both CML and normal samples were cultured in SFM in the presence or absence of a mixture of hematopoietic growth factors (i.e., FL, SF, IL-3, IL-6, and G-CSF) previously found to stimulate the proliferation and amplification in vitro of very primitive normal marrow cells (33, 37) . In all cultures containing the five growth factors, there was a marked and similar cell expansion (Ϸ100-fold) over a period of 3 weeks. In the absence of growth factor addition, all subpopulations of normal cells declined to undetectable numbers (a Ͼ1,000-fold decrease) within 10 days (Fig. 4) . The CD34 Ϫ cells from the CML samples, regardless of the relative proportion or absolute frequency of Ph ϩ ͞BCR-ABL ϩ LTC-IC present in their CD34 ϩ populations, also declined to undetectable levels within 3 weeks, although less rapidly than the CD34 Ϫ cells from normal marrow. In contrast, the number of viable cells was maintained at input levels in cultures initiated with CD34 ϩ CD71 (Table 1) , there was almost as much cell growth A minimum of 10 individual cells per population were analyzed. Similar analysis of 1,000 cells from each population isolated from three to four different normal marrows (BM) showed no IL-3 or BCR-ABL transcripts.
in the absence of growth factors as when growth factors were added ( Fig. 4 A) ; whereas, in cultures initiated with CD34 ϩ CD71 Ϫ CD45RA Ϫ cells that contained a substantial proportion of BCR-ABL Ϫ cells (and Ph Ϫ LTC-IC), there was an early transient decline in cell numbers followed by a later regrowth of viable cells (Fig. 4B) . Analysis of the frequency of factor-independent cells within the total CD34 ϩ CML population in single-cell cultures has shown this to be a feature of 30-50% of these cells (see Table 2 and ref. 38 ).
We then repeated these experiments incubating purified CD34 ϩ cells in the presence (or absence) of the same neutralizing anti-ligand and anti-receptor or control antibodies that had been used to demonstrate the presence of bioactive IL-3 and G-CSF in CML cell-conditioned media. Addition of these antibodies consistently inhibited the autonomous proliferation seen in cultures to which no antibody or a control antibody was added, both as measured by [ 3 H]thymidine incorporation assays and by counts of viable cells. In bulk cultures, relatively high concentrations of antibodies (50 g͞ml) were required to consistently inhibit the autonomous proliferation of CD34 ϩ CML cells by Ͼ40% ( Table 2 ). The apparent insensitivity of these cells to anti-ligand or anti-receptor antibodies is similar to previous findings with BCR-ABL-transduced cell lines in which evidence of an autocrine IL-3 mechanism was demonstrated (16) (17) (18) . Such a result could be attributable to a high local concentration of growth factor around individual autocrine cells, intracellular receptor activation (39) , or paracrine effects potentially operative in bulk cultures. To address this latter possibility, the effect of the same antibodies on the proliferation of single CD34 ϩ CML cells was examined. These experiments showed Ͼ70% inhibition of all four CML samples tested in the presence of 5 g͞ml anti-IL-3 and 5 g͞ml either anti-G-CSF or anti-IL-3R␣ (7G3) antibody (Table 2) .
IL-3 but Not G-CSF Contributes to the Constitutive Activation of STAT5
in CD34 ؉ CML Cells. To investigate further the role of autocrine IL-3͞G-CSF on CD34 ϩ CML cell growth, we assessed STAT5 phosphorylation in these cells after they had been cultured overnight in the presence or absence of the same antibodies described above. As shown for a representative experiment in 
Discussion
These studies provide definitive evidence of an autocrine mechanism in naturally occurring chronic-phase CML. Since completion of the studies described here, we have detected IL-3 and G-CSF transcripts in the CD34 ϩ cells isolated from an additional 8 (of 8) CML patients (total ϭ 20 of 20), indicating a strong association of a deregulated expression of IL-3 and G-CSF with this disease. Of particular note is the observation of IL-3͞G-CSF transcripts in individual leukemic stem-cell candidates (identified by a CD34 ϩ CD71 Ϫ CD45RA Ϫ phenotype and coexpression of BCR-ABL) that correlated with the high autonomous growth capacity of this population. In contrast, later (CD34 Ϫ ) cell types continue to express BCR-ABL but stop expressing IL-3 and G-CSF and become factor-dependent. Thus, with differentiation, the growth of CML cells is ultimately extinguished, regardless of the factors present, and the clone must be sustained by the proliferation of more primitive leukemic cells. The restricted presence of IL-3 and G-CSF transcripts in CD34 ϩ CML cells raises many interesting questions about the nature of a mechanism that would link differentiated state to the deregulated expression of these two growth-factor genes. Although future studies will be required to delineate how this may occur, the resultant short-lived autonomous growth potential of most CD34 ϩ cells helps to explain historical experience that optimal colony formation by CML progenitors in vitro requires the addition of growth factors to the cultures (26, 29) . It should be noted that an examination of bulk CD34 ϩ populations from most CML patients would typically also not detect the more extensive autonomous growth potential of the ver y primitive CD34 ϩ CD71 Ϫ CD45RA Ϫ subset because of their minor repre- (4) . In the present study, this problem was circumvented by selection of a number of CML patients in whom leukemic cells were known to be prevalent in this stem cell-enriched subpopulation of CD34 ϩ cells.
The autocrine IL-3͞G-CSF growth loop demonstrated here for primitive CML cells recapitulates in the primary disease a phenomenon previously observed only in certain BCR-ABLtransduced cell lines (16) (17) (18) and now suggested by emerging data from mice transplanted with mouse bone-marrow cells transduced with BCR-ABL retroviral vectors (40, 41) . However, the significance to CML of these observations has not been generally accepted because of their lack of confirmation in patients' cells. In addition, only recently has it been appreciated that IL-3 alone is sufficient to stimulate very primitive normal cells to enter S phase (42) and that exposure of very primitive normal cells to excess IL-3 promotes their differentiation with an enhanced amplification occurring only among their more mature progeny (37, 43) . Thus, the cell population dynamics exhibited by primitive CML cells growing in vitro in the absence of exogenous growth factor addition can now be seen to match closely the behavior of analogous primitive normal cells cultured in the presence of excess IL-3 (Fig. 5) . Interestingly, these findings also have strong parallels with the pattern of CML cell expansion in vivo. During the initial chronic phase of CML, the most primitive types of CML progenitors do not increase their numbers at a rate predicted by their increased cycling activity (2, 4) , and clonal dominance is achieved only at later stages of differentiation by their progeny. In vivo, the ability of intermediate types of CML progenitors to produce and respond in a lineage-unrestricted fashion to IL-3 and G-CSF would be expected to give the CML colony-forming cells a significant, albeit short-lived, selective advantage over any coexisting normal colony-forming cells, for example, by counteracting the effects of endogenous levels of inhibitors that constrain the proliferation and amplification of their normal counterparts (44, 45) . Interestingly, an expanded population of leukemic colony-forming cells is a well established feature of CML despite the relatively slow accumulation of more primitive leukemic cells (4) .
The present findings also provide an explanation for the intriguing similarities noted between human CML and murine models of myeloproliferative disease resulting from the transplantation of mouse bone-marrow cells retrovirally transduced or transgenically engineered to produce IL-3 or G-CSF (46 -50) . Such associations alone do not establish BCR-ABL as the cause of the autocrine IL-3 and G-CSF seen in human CML; however, this seems likely in view of the inactivation of BCR-ABL-induced growth factor production by mutation of BCR-ABL (18) and the close correlation observed here in growth factor and BCR-ABL gene expression in individual CD34 ϩ cells from CML patients. Interestingly, however, we have recently identified a very rare and unusual subset of quiescent leukemic CD34 ϩ cells in chronic-phase CML patients that express BCR-ABL (51) but not IL-3 and G-CSF (38) . Thus, other events must also be involved in deregulating IL-3 and G-CSF production in primitive CML cells. In addition, although an autocrine mechanism may contribute to the disease process in vivo, it is unlikely to explain all of the cells by antibodies to IL-3, IL-3R␣ , and G-CSF Patient no.
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Single-cell cultures )  57  0  66  52  52  72  72  3  3  37  20  16  46  42  ------8  6  62  38  28  69  62  ------9  8  68 (71)  41 (43)  30  72 (75)  69  6  72  62  63  84  88  10  5  29  27  25  37  30  ------11  ------8  75  58  59  82  85  12  ------10  70  60  57  78  78 Bulk cultures were initiated (three replicates per group) with 10 4 CD34 ϩ cells per 100 L of SFM, and antibodies added at 50 g͞ml on day 0 and again 24 hours later. After a total of 5 days at 37°C, [ 3 H]thymidine was added for 4 hours, and the cells were then harvested onto glass fiber filters for determination of isotope incorporation or for hemacytometer counts of viable (trypan blue-excluding) cells (data shown in parentheses). Single-cell cultures were maintained in SFM for the same period, but the antibodies were added only on day 0 and at a lower concentration, i.e., 10 g͞ml for single antibodies and 5 g͞ml each when two antibodies were added together. Proliferation was scored as the observation of Ն2 viable (refractile) cells detectable under the microscope at the end of the 5 days in culture. In both bulk and single-cell experiments, the control Ab was the non-blocking anti-IL-3R antibody (9F5) (35) . Values shown are the percent inhibition of proliferation (cpm or cell yield in bulk cultures and frequency of wells with Ն2 viable cells in single-cell cultures) relative to the proliferation measured in cultures to which no antibodies were added (maximum cpm in these bulk cultures ϭ 23,000; frequency of clones ϭ 30 -50%, 72-96 wells assessed per group).
biological abnormalities produced by BCR-ABL. Nevertheless, the strong dependence of STAT5 phosphorylation in CD34 ϩ CML cells on autocrine IL-3 (but not G-CSF) demonstrated here identifies one important pathway involved and underscores the role of an autocrine mechanism in primary CML progenitors from patients with chronic-phase disease. The present observations also have potentially important implications for therapy. For example, either enhancement of the differentiation-promoting effect of intrinsically produced IL-3 on very primitive CML cells, or in vivo blockade of IL-3 and G-CSF action using antibody, ligand-toxin, or other strategies for interfering with this mechanism of autocrine stimulation may have clinically useful effects. With the recent introduction of xenotransplant models that support the engraftment of primary CML cells (52, 53) , it should now be possible to assess the potential of these new approaches in a preclinical setting.
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